The proposed circuit integrates an isolated capacitive idling Cuk converter [l] and a buck converter to provide a switch-mode power supply with uninterruptible power supply (UPS) features. From the unique topology of capacitive idling Cuk converter, the input voltage regulation can be obtained on the primary side, while the load current regulation can be performed on the secondary side. In this arrangement, complete isolation can be achieved, and a wider difference in voltages between input mains and a low-voltage backup battery input.
INTRODUCTION
Power disturbance can severely disturb or even fatally damage any business depending heavily on the continuous and predictable operation of computer, data communication, etc.
When the main power fails, the computer system goes down. As a result, all the work done before the outage is totally lost. Fortunately, many software programs provide self-backup function to save the editing work so as to reduce the loss due to accidental power disturbances. However, when a lengthy process is being performed, the power outage has a significant impact. Therefore, there is a need of uninterruptible power supply (UPS) which can be switched on to maintain the operation of computer systems during the power interruptions.
Traditionally, an external UPS is placed preceding the switching mode power supply ( S M P S ) of the computer to reduce the risk of down time. The main advantages of using this kind of UPS are its good reliability and the ease of implementation. However, the U P S is bulky due to the use of mains frequency inverter. Moreover, the power conversion of the overall system is low because there is a cascaded voltage conversion, one in UPS and the other in S M P S .
The proposed power supply has the following properties :
1. U P S features with zero switch-over time between the power failure of the mains and the backup battery.
2. Small size, low cost and high efficiency.
There are only a few designs of such high frequency UPS which have been presented [l, 21, and they have some limitations in the practical aspects. In reference [l] , the range of the input power main and the backup battery is limited due to the topology of the Cuk converter. While in reference [2] , the charging current is loaddependent and cannot be controlled independently. When the battery is in the extreme cases of filly charged or discharged, the rush-current may damage the battery and also the converter.
OVERVIEW OF THE PROPOSED UPS
The proposed circuit shown in Fig. 1 is an UPS which can overcome the above mentioned limitations. It consists of a main converter and a battery charger with the associated control circuit. The main converter is a transformer-isolated capacitive idling Cuk converter [3] , and the battery charger is a simple buck converter.
Features of the Proposed UPS
With the unique nature of the isolated capacitive idling Cuk converter, the proposed UPS has the following features: 1 .Built-in U P S features.
2 . E l i a t i o n of the feedback isolation. 3 .Improved transient response.
Build-in UPS Features
There are two different operation modes, normal and backup mode. Normally, The power input, V, , is supplied to the main converter to provide a regulated output voltage. And at the same time, the backup battery is charged by the input source, Vel, with constant current through the charger.
When there is a power failure in V, (i.e. V, dropped below the battery voltage, VB.), the system goes into the backup mode of operation. In this moment, the backup battery automatically takes up the responsibility to deliver the power to the load to maintain the regulation of the output converter through the body diode of Q3.
With this arrangement, "power failure detection" or '?node change" circuits are not necessary for the operating mode transition. There is a smooth switch-over between normal and backup modes of operation, and is a very desirable feature for U P S application.
Elimination of Feedback Isolation
As shown in Fig. 1 , there are active switching devices on both primary and secondary side of the isolation transformer. This property provides the chance of splitting the control into two independent feedback loops. As a result, the input voltage regulation can be obtained on the primary side feedback loop, while the load current regulation can be performed on the secondary side feedback loop. In this arrangement, complete isolation is achieved without the need of feedback isolation circuitry.
Improved Transient Response
With the application of open-loop control strategy in the primary side Furthermore, the secondary side of the capacitive idling Cuk converter can be regarded as a well-behaved second order response of the buck converter. It is expected to have good step-load response because the input voltage variation is absorbed by the primary side. Therefore, the proposed U P S has an improved transient response.
CIRCUIT DESCRIPTION
The proposed U P S can be separated into two independent circuits, the main converter and the battery charger.
Main Converter
The main converter can be further divided into two topologies. At normal operation mode, it is a capacitive idling Cuk converter. While at backup operation mode, it becomes a dual-sepic-like converter.
Capacitive Idling Cuk Converter
The main difference between the capacitive idling Cuk converter (Fig. 2 ) and the basic Cuk converter is the addition of the active switches, Q, and D,, in the secondary side. Therefore, the operating principle of the capacitive idling Cuk converter is almost the same as the ordinary Cuk converter in the way that energy is stored in the capacitor, C,, and then transferred to the load.
However, the active switches, Q, and D,, introduces an extra degree of control on the energy transfer capacitor, C,. In Fig. 3 , the timing diagram of the duty ratio of Q,, Q, is illustrated.
Due to the different duty ratios d, and d,, C, has three different states (charging, discharging and idling) within one switching cycle. The presence of the idling interval provides a mean for independent control as seen in the DC conversion ratio as follows:
The energy transfer capacitor voltage V,, is dependent only on the input voltage V, , duty ratio d, and turns ratio n of the isolation transformer T,, while the output voltage V, is dependent on V,, and d, only. These equations are of the key importance in establishing two separate and completely independent controls of the converter.
In addition, most of the features of the proposed U P S are originated by these characteristics.
Dud-Sepic-Like Converter
In backup mode of operation, the backup battery acts as an input source and the converter becomes a dual-sepic-like converter as shown in Fig. 4 . In this arrangement, the transformer T, acts both the functions of transformer and inductor. Therefore, the energy can be stored in the primary inductance of TI and then transferred to the output. In addition, the characteristics of the capacitive idling can still be maintained.
Battery Charger
The battery charger shown in Fig. 5 utilizes a buck converter as the power source for charging the backup battery. There are only four components plus the associated control circuit to construct the required charger. This configuration provides the battery with the "on line" status such that the U P S function can be applied with zero switch-over time. Furthermore, there is no need for an additional circuit for "power failure detection" because once the power failure occurs and the voltage V,, drops below the backup battery voltage V,, the body diode of the MOSFET Q, turns on so that the battery can deliver the power to the load.
The battery is charged by the buck converter with constant current controlling scheme. The charging current is about C/20 for trickle charging (where C is the capacity of the backup battery.).
Operation of the proposed UPS

Normal Mode of Operation
In this mode of operation, the power is delivered fiom the power mains to (a) the output load through the capacitive idling converter, and (b) the backup battery through the charger. Capacitor C, is used not only for the energy transfer, and also the input source of the battery charger. The duty ratios d,, d, and d, of the corresponding switching devices are controlled independently. d, is used to absorb the variation of the input mains, while d, is used to compensate the variation of the output load. Both duty ratios try to maintain the output regulation. The duty ratio d3 is used to control the charging current passing through the battery. The detail of the control strategy will be presented in the later section.
Backup Mode of Operation
In this mode of operation, the backup battery delivers the power to the output load. The charger is no longer functioning due to the conduction of the body diode of 42, and the flywheel diode D, is reverse biased. The configuration becomes a dualsepic-like converter. The inductor and the capacitor C, act as an additional filter. The transformer TI functions as both an step down transformer and an inductor to transfer the energy to the capacitor C,. The switch Q, still finctions as in the n o d mode to control the amount of power delivering to the output load.
Feedback Loop Control Strategy
From the unique nature of the capacitive idling Cuk converter and the special arrangement of the proposed UPS, different feedback control strategies can be independently implemented over the three switching networks, i.e. the primary and secondary side of the main converter and the battery charger.
Based on equations (1) and (2), it is clear that the control can be separated into two independent feedback loops. One is on the primary side to regulate the intermediate voltage V,, against the variation of the input mains. Another is on the secondary side to regulate its output voltage V, against the load current changes.
Therefore, the overall fourth order response of the capacitive idling Cuk converter is broken down into two second order systems. The output bucklike stage uses the current mode feedback closeloop control. While the input boost-like power stage uses the open-loop strategy to avoid the disadvantages of the basic boost converter, such as non-minimum phase response, RHP zeros, low bandwidth and potential stability problems [4] . For similarity, the controlling scheme of the battery charger is also a current mode control.
Open Loop Control for Input Voltage
By rearranging the relationship of the input voltage V, , the duty ratio d, and the intermediate capacitor voltage V,,, the simple open-loop control can be implemented by using two operational amplifiers.
Regulation (3)
The implementation is shown in Fig.6 . The variable input voltage V, is first compared with a reference voltage 2.5 V. The result variable V, is then compared with the ramp signal. The output of the comparator gives the duty cycle corresponding to the input voltage V,. Hence, the desired value of Vcz can be obtained by adjusting the gain of the operational amplifier. Since the output stage is a buck-like converter, if the value of V , , is kept as constant, then the converter can be operated with the fixed duty cycle so as to obtain the best performance.
The advantages of using the open-loop control over the conventional closed-loop feedback control are:
1.No stability problems associated with the boostlike converter.
2.Good output transient due the input voltage changes because it is instantly compensated by the control circuit.
Close Loop Control for Load Current
The output stage of the capacitive idling Cuk converter is a buck-like converter. In addition, the voltage of the energy transfer capacitor C, is controlled by the open-loop scheme as previous described, it is therefore desirable to use the current mode control to ensure the stability of the overall system and provide good load regulation (Line regulation is not required in the output stage because it is handled by the primary side.) and dynamic response.
The synchronization of the switching devices, Q, and Qz, is very important because the idling property and the features of the proposed U P S are originated from this characteristics. As shown in Fig. 7 , by differentiating a square-wave voltage on the secondary of the isolation transformer and gating only positive pluses via a diode into the sync input of the PWM controller, synchronized operation of the two control circuits is obtained.
Regulation
Control Strategy on the Battery Charger
The principle of the battery charger in the proposed U P S is to maintain the backup battery in a good condition so that it can handle the power failure at any instant of time. Moreover, in order to minimize the disturbance to the main converter, the charger is designed to operate with a constant charging current. The current mode control scheme is also used for the battery charger, and the switching frequency is synchronized with the main converter to reduce interference. The constant charging current mode is implemented by comparing the charging current (U20 for trickle charging) across the sensing resistor with the reference voltage as shown in Fig.   8 
Multiple Output Extension
The presence of the controllable switch in the secondary side leads to a multiple output extension of the capacitive idling Cuk converter as shown in Fig. 9 .
Each output has an independent control loop so that there is no crossover regulation problems. Another advantage of this configuration is that independent short circuit protection can be performed in each output without shutting down the whole converter. It can be realized by the series connection of a secondary side switch with the output load. Once the short circuit condition occurs to a particular output, the active switch in the affected output is opened, enabling all other outputs to continue to finction as usual.
EXPERIMENTAL RESULTS
The experimental prototype of the proposed U P S of Fig. 1 was built. The proposed U P S has a single output (SV, 1A) operating with DC input mains (20V to llOV) and the backup battery (21.6V). The battery charger operates at constant charging current (70 mA). The switching frequency for the three switches were chosen to be 130 kHz.
The major components are as followings: Fig. 12 is reasonable at low load, and there will be improvement if the transformer is redesigned and the rated load is used. The smooth mode transition is shown in Fig. 13,   344 
CONCLUSION
The proposed UPS is built. It integrates an isolated capacitive idling Cuk converter and a buck converter to construct an unintermptible switching mode power supply. Three independent loop control strategies are applied so that completely isolation is achieved, that is, the whole power supply needs isolation only at the main power transformer level.
The output voltage can be regulated with a highvoltage DC input mains (1 10 V) and a low-voltage backup battery (21.6 V). Good line regulation and load regulation are achieved. Smooth switch-over between normal mode and backup mode of operations is obtained. The arrangement of the battery charger provides not only the ordinary charging function, but also the auxiliary switching function to eliminate the discontinuous conduction mode problems. The proposed UPS utilizes all the advantages associated with the capacitive idling Cuk converter to implement the unintermptible power supply. 
